UNCLASSIFIED

AD NUMBER

AD843860

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; DEC 1963.
Other requests shall be referred to
Commanding Officer, Fort Detrick, MD
21701.

AUTHORITY

SMUFD ltr, 8 Feb 1972

THIS PAGE IS UNCLASSIFIED




Sg e

TRANSLATION No, 7 &7

DATE: 2;245—/”?5 ¥,

AD843860

DDC AVAILABILITY NOTICE

This document is subject to speciul export
controls and each transmittal to foreign
governments or foreign nationals may be
made only with prior approval of Commanding
Officer, Fort Detrick, ATTN: SMUFD-AE-T,
Prederick, Md, 21701,

o » 7

iD‘ga’.i"fT‘ﬁ?ﬁ"ﬂD_['ﬂfF‘
l { NOV 27 1908
" IS

DEPARTMENT OF THE ARMY
Fort Detrick
Frederick, Maryland

'

g R T L L st ks cnommd 7 o A oA ,mmnmwwq&




OXIDATION-REDUCTION POTENTIAL AND ELECTRONIC STRUC=-
TURE OF THE CHARGE TRANSFER COMPLEX

[Following 1s a translation of an article by
Mme Andree Goudot, presented at the 27 Feb=
ruary 1961 meeting of the French Academy of
Sclences and published in the French-language
periodical Comptes rendus de l'Academie des
Sciences (Reports of the Academy of Sciences),
Vol 252, 1961, pages 1521=1523, under_the sub-
jeet heading of Theoretic Blophysiocs

We find, in the enzymatlc catalysis of the cupric
polyphenoloxidases, two typlical examples of charge
transfer complexes in which a cupric cation may act
on an 0p molecule, elther as an oxidizer or as a re-
ducer., The coordination atoms of the diphenols con-
trol the direction of the reaction,

When a metecllle ?at%gn has an oxidation-reduction po-
tential such as Mnt = MR+l )+ 4 6= L 0, 1t tends to go back
into 1ts lovest state of valence by capturing an electron.

In the hydrated state this cation is an oxidizer. In the
formation of a complex: 1, if 1t i3 bound to molecules
whoae-coordination atome are strongly electronegative, the
oxidation-reduction potential will decrease, making this com-
plex more oxidizling than the free cation. It may then cap-
ture an electron more easily, in order to stabllize the me-
tallic cation in its lowest state of valence; 2., 1if it is
bound to molecules whose coordination atoms are weakly elec:-
tronegative (strongly donor), the oxidation-reduction poten=-
tial of the complex will inorease with relation to the po-
tential of the free ocation, If it 1s less negative, 1t 1ls
less oxidizing, It may even be that the equilibrium is in-
verse and that the oxidation-redustion potential of the com=-
plex has become sufficlently positive to be a reducer. The
metallic cation can then be stabllized in a higher state of

valence,
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These two extreme ceses are found in catalyses of
substrates by Op with the aid of cupric polyphenoloxydases.

The standard oxidation—redugtion potential for Cut
= Cu2+ + e~ 18 E5 = ~0.153 ev; Cu + has only nine 3d elec~-
trons instead of 10. Therefore, it has a non-saturated
3dx2-y2 orbit, for it is occupied by a single electron,

It can be considered. in the charge transfer complex,
that the divalent cation 1s jolned to the enzyme by two bords
and that, in the presence of a substrate, a saturated com=-
plex of hybridization 4 is formed with the ald of two avall-
able hybrid bonds.

The two types of cuprlc polyphenoloxydases considered
are: the o-polyphenoloxydase and the p-polyphenoloxydase
(J. Roche, Le role des metaux dans la structure et l'activite

des engymes /The Role of Metals in the Structure and Activity

of Enzymeg/, Paris: Hermann et Cle,, 1946) that differ by
their atoms of coordinatior with Cul+,

1. o-polyphenolynase. Extracted from potatces, it
catalyzes the oxidation by the molecular oxygen of the o-

?1pheno%s and triphenols that lead to quinonic derivatlives
Fig. 1):

Figure 1

The Cu2+ 1s joined by two bonds to the enzyme and is
bound to the »yrocatechol by the O atoms of the phenol groups.
Since these atoms are strongly electronegative, they come
under the first case conslidered. That 1s to say that the
oxldation-reduction potential of the complex that 1is formed
must decrease by making it more oxidizing than the free ca-
tion._ Now, the complex that 1s formed 1s of hybridization
48 4p3, in which the orbits of free bonds are thus saturated
in order to receive a pair of electrons, 1ln order to be
bound to this molecule, in the presence of 0,, the centiral
cation can only receive a bonding electron lﬁ the 36x2~y2
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orbit which 1a not saturated, because it contains only ono
34 electron. This internal orbit, then, contains a pair
of bonding electrons, one of which bvelongs to the cation
and the other comes from 0. The complex becomes transi-
torily a 34 4s 4p3 cupreous complex,
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Figure 2 !
The central cation is transitorlly stabilized in the
lowest state of valence Cu*., While the two O atoms, with
a positive charge, repel each other:

cult + 0, == Cu*+ 0%+ 0,

The calculation of the charges, in the complex stab-
il1ized in the ocupreous atate, shows that the peak in posi-
tion 4 has a higher negative charge than in the cupric com-
plex., It is, then, -0.73. It is to be understood that the
0 atom that 1s not bound to the central cation and *that is
dissociated from 0 becomes fixed at this peak, The elec~
tron that is given up in 3 d4,2.42 c¢an resonate depending
on the +X and -X bonds accorging to whioch the diphenol bond
groups shculd be found. Then the reactian shown in Figure
1 can occur,

[

2. p-polyphenoloxidage. It accomplishes oxidation
of p-phenyldlamine in the presence of 02, We examine the
cupric enzyme in the reaction (Fig. 3).
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The N bonding atoma belong to amino donor groups. )
Therefore, this 1s the second case, in which the redox po-
tentliel of the complex increases in relation to the redox
potential of the hydrated catlion. = Therefore, 1t is certain-
ly less oxldizing and the study of the formation of the

hybridization complex will show us that i1t has even become
a reducer,

¥With ponding atoms that belang to weakly eiectroncga-
tive groups, a cupric complex is formed by internal orbit
34 48 4p2, In order to free the last 3d orbit, the ninth
eleccron that ocoupled 1t 1s reised to an antibonding erbilt.
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Figure 4
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The Op molecule is able to utillize the 4pz external
orbit. for a weak bond with the metallic cation. Moreover,
the 0, molecule may capture the ninth 3d electron and the
reaul% is an 07 ion. The ccuplex, then, is definitely re-
ductive and th& ceptral cation 1s stablillzed transitorily
in the abnormal Cu-/+ state:

Cu2+ + 02 == Cu3* <+ 05 .

Since the p-phenyldiamine bonding atoms are positive,
the reaction shown in Figure 3 may occur.

Comment.. The action mechanism of o-polyphenolynase
should be compared with the action mechanism of cytoc?§ome
oxidaue (A. Goudot, ahierg de Physique /Physics Notes/,
Oct 61; Comptes re dus eports %of the Academy of Sci-
ences , Vol 251, 1960, p 119& one 0, eleciron 1s glven
off in a 3d_» y2 orbit for the first oné in the 34,2 orbit
for the secBady one,

The redox potential of thg cytochrome is around -0, 26
ev and the redox potential of Fe<+ = FeJ+ + &~ corresponds

to = 0,771 ev, Therefore, it 1s less oxidizing but it 1is
sufflciently oxidizing to bring the central cation transi-
torily baok to the ferrous state.




